Electroweak baryogenesis and electron EDM in the B-LSSM by Yang, Jin-Lei et al.
ar
X
iv
:2
00
2.
09
31
3v
1 
 [h
ep
-p
h]
  2
0 F
eb
 20
20
Electroweak baryogenesis and electron EDM in the B-LSSM
Jin-Lei Yang1,2,3∗, Tai-Fu Feng1,2,4†, Hai-Bin Zhang1,2‡
Department of Physics, Hebei University, Baoding, 071002, China1
Hebei Key Lab of High-precision Computation and Application
of Quantum Field Theory, Baoding, 071002, China2
CAS Key Laboratory of Theoretical Physics, School of Physical Sciences,
University of Chinese Academy of Sciences, Beijing 100049, China3
Department of Physics, Chongqing University, Chongqing 401331, China4
Abstract
Electroweak baryogenesis (EWB) and electric dipole moment (EDM) have close relation with the
new physics beyond the standard model (SM), because the SM CP-violating (CPV) interactions
are not sufficient to provide the baryon asymmetry of the universe by many orders of magnitude,
and the theoretical predictions for the EDM of electron (de) in the SM are too tiny to be detected
in near future. In this work, we explore the CPV effects on EWB and the electron EDM in the
minimal supersymmetric extension (MSSM) of the SM with local B − L gauge symmetry (B-
LSSM). And the two-step transition via tree-effects in this model is discussed. Including two-loop
corrections to de and considering the constrains from updated experimental data, the numerical
results show that the B-LSSM can account for the observed baryon asymmetry. In addition, when
the cancellation between different contributions to de takes place, the region favored by EWB can
be compatible with the corresponding EDM bound.
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I. INTRODUCTION
Despite the considerable success of the Standard Model (SM) in describing a large
amount of experimental observations, there are still various of evidences beyond the SM.
One of the most interesting problems is the baryon asymmetry of the universe (BAU) [1, 2]:
YB ≡ ρB
s
=


(8.2− 9.4)× 10−11 (95%CL), Big Bang Nucleosynthesis
8.65± 0.09× 10−11, PLANCK
(1)
where ρB is the baryon number density, s is the entropy density of the universe. The SM
CP-violating (CPV) interactions are not sufficient to provide the asymmetry by many orders
of magnitude, which indicates that the SM is incomplete. The search for new physics (NP)
beyond the SM is motivated in part by the desire to overcome the failure of the SM to
explain the BAU. Electroweak baryogenesis (EWB) [3] is an explanation of the origin of the
cosmological asymmetry between matter and antimatter, and new CPV terms are needed
to enhance the asymmetry theoretically.
Meanwhile, new CPV phases can provide much larger values of the electric dipole mo-
ments (EDMs) than the SM predictions. The SM prediction for the electron EDM is about
10−38e · cm [4–6], which is impossible to be detected by present experiments. However, when
new CPV phases are introduced, the enhanced electron EDM may be detected in near fu-
ture, which can be regarded as a smoking gun for NP beyond the SM. The upper bounds
on de have been obtained [7–9]
|de| < 8.7× 10−29e · cm. (2)
Since the experimental upper bound on the electron EDM is very small, the contributions
from new CPV phases are limited strictly by the present experimental data, and researching
NP effects on the electron EDM may shed light on the mechanism of CPV.
In extensions of the SM, the supersymmetry is considered as one of the most plausible
candidates. And the analysis of EWB in the minimal supersymmetric extension of the SM
(MSSM) are discussed in detail in Refs. [10–22], and in nonminimal supersymmetric models
are discussed in Refs. [23–27], which indicates that the main contributions to YB come from
the T -terms (the trilinear scalar terms in the soft supersymmetry breaking potential) and
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the µ term (the bilinear Higgs mass term in the superpotential). The supersymmetric effects
on the EDM of electron has been explored in Refs. [28–40]. The results show that the most
interesting possibility to suppress the electron EDM to below the corresponding experimental
upper bound is, the contributions from different phases cancel each other. However, if we
assume that the only CPV phases come from µ and T , the value of them is limited strictly
by the experimental upper bounds on de. In a word, the CPV characters in supersymmetry
are very interesting and studies on them may shed some light on the general characteristics
of the supersymmetric model.
The MSSM with local B − L gauge symmetry (B-LSSM) [41–44] is based on the gauge
symmetry group SU(3)⊗SU(2)L⊗U(1)Y ⊗U(1)B−L, where B stands for the baryon number
and L stand for the lepton number respectively. Compared with the MSSM, B-LSSM can
provide much more candidates for the dark matter [45–48], and the invariance under U(1)B−L
gauge group imposes the R-parity conservation which is assumed in the MSSM to avoid
proton decay. In addition, the model also alleviates the little hierarchy problem of the
MSSM [49–55]. In this paper, we explore the CPV effects on YB and the electron EDM de in
the B-LSSM. And the possible cancellation between different contributions to de is explored,
which is different from the case in the MSSM. Compared with the MSSM, there are new
CPV terms in the B-LSSM, the cancellation between the contributions to de from these new
CPV phases and the phase of M1 which is the phase of gaugino mass term, in this paper.
Moreover, there are two mass terms which can be small and make contributions to de, the
effects of them are also explored in detail.
The paper is organized as follows. In Sec.II, we describe the B-LSSM briefly by introduc-
ing the superpotential and the general soft breaking terms. Then the analysis on electroweak
phase transition (PT), YB and the electron EDM de in the B-LSSM are presented in Sec.III.
In Sec.IV, we explore the CPV effects on YB, de by varying different parameters. Conclusions
are summarized in Sec.V.
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II. THE B-LSSM
In the B-LSSM, two chiral singlet superfields ηˆ1 ∼ (1, 1, 0,−1), ηˆ2 ∼ (1, 1, 0, 1) and
three generations of right-handed neutrinos are introduced, which allow for a spontaneously
broken U(1)B−L without necessarily breaking R-parity. In addition, this version of B-LSSM
is encoded in SARAH [56], which is used to create the mass matrices and interaction vertexes
in the model. Meanwhile, the superpotential of the B-LSSM can be written as
W = Y iju QˆiHˆ2Uˆ
c
j + µHˆ1Hˆ2 − Y ijd QˆiHˆ1Dˆcj − Y ije LˆiHˆ1Eˆcj +
Yν,ijLˆiHˆ2νˆ
c
j − µ′ηˆ1ηˆ2 + Yx,ijνˆci ηˆ1νˆcj , (3)
where i, j are generation indices. Then the soft breaking terms of the B-LSSM are generally
given as
Lsoft =
[
− 1
2
(M1λ˜Bλ˜B +M2λ˜W λ˜W +M3λ˜gλ˜g + 2MBB′ λ˜B′ λ˜B +MB′ λ˜B′ λ˜B′)−
BµH1H2 − Bµ′ η˜1η˜2 + Tu,ijQ˜iu˜cjH2 + Td,ijQ˜id˜cjH1 + Te,ijL˜ie˜cjH1 + T ijν H2ν˜ci L˜j +
T ijx η˜1ν˜
c
i ν˜
c
j + h.c.
]
−m2ν˜,ij(ν˜ci )∗ν˜cj −m2q˜,ijQ˜∗i Q˜j −m2u˜,ij(u˜ci)∗u˜cj −m2η˜1 |η˜1|2 −
m2η˜2 |η˜2|2 −m2d˜,ij(d˜ci)∗d˜cj −m2L˜,ijL˜∗i L˜j −m2e˜,ij(e˜ci)∗e˜cj −m2H1 |H1|2 −m2H2 |H2|2, (4)
where λ˜B, λ˜B′ denoting the gaugino of U(1)Y and U(1)(B−L) respectively. The local gauge
symmetry SU(2)L⊗U(1)Y ⊗U(1)B−L breaks down to the electromagnetic symmetry U(1)em
as the Higgs fields receive vacuum expectation values (VEVs):
H11 =
1√
2
(v1 + ReH
1
1 + iImH
1
1 ), H
2
2 =
1√
2
(v2 + ReH
2
2 + iImH
2
2),
η˜1 =
1√
2
(u1 + Reη˜1 + iImη˜1), η˜2 =
1√
2
(u2 + iReη˜2 + iImη˜2) . (5)
For convenience, we define u2 = u21 + u
2
2, v
2 = v21 + v
2
2 and tan β
′
= u2
u1
in analogy to the
ratio of the MSSM VEVs (tan β = v2
v1
).
New U(1)B−L gauge group introduces new gauge boson Z
′ and the corresponding gauge
coupling constant g
B
. In addition, two Abelian groups gives rise to a new effect absent in the
MSSM or other SUSY models with just one Abelian gauge group: the gauge kinetic mixing.
Immediate interesting consequence of the gauge kinetic mixing arise in various sectors of the
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model. Firstly, new gauge boson Z ′ mixes with the Z boson in the MSSM, and new gauge
coupling constant g
Y B
is introduced. Then the gauge kinetic mixing leads to the mixing
between the H11 , H
2
2 , η˜1, η˜2 at the tree level, and λ˜B′ mixes with the two higgsinos in the
MSSM at the tree level. Meanwhile, additional D-terms contribute to the mass matrices of
the squarks and sleptons. All of these properties affect the theoretical predictions for YB
and de in the B-LSSM, and the model are introduced in detail in our earlier work [57–59].
III. EWB AND ELECTRON EDM IN THE B-LSSM
A. Electroweak phase transion
In the MSSM, EWB has been excluded because the strong first order PT with very
light right handed stop < 120GeV is not possible after the discovery of the 125 GeV Higgs
boson [60–69]. With respect to the MSSM, a strong two-step PT can be achieved in the
B-LSSM, because there are two additional scalar singlets. These new singlets mix with the
two doublets in the MSSM at the tree level through gauge kinetic mixing, which change the
effective potential vastly. For simplicity, the temperature dependence of β, β ′ is neglected
and the tree-level effective potential can be written as
Veff(h, η) =
1
2
M(T )2h2 +
1
2
m2ηη
2 +
1
32
(g12 + g22 + g2
Y B
)c22βh
4 +
1
8
g2
B
c22β′η
4
+
1
8
g
B
g
Y B
c2βc2β′h
2η2, (6)
where
M(T )2 ≡M20 + GT 2 = m2H1c2β +m2H2s2β + 2µ2 −Bµs2β + GT 2, (7)
m2η = m
2
η1
c2β′ +m
2
η2
s2β′ + 2µ
2
η −Bηs2β′ , (8)
cβ ≡ cos β, sβ ≡ sin β, c2β ≡ cos 2β, s2β ≡ sin 2β, (9)
and T denotes temperature, G is the sum of relevant couplings, h and η acquire VEVs
< h >= v, < η >= u respectively at zero temperature (present universe). Since the singlets
couples to fewer degrees of freedom, their thermal masses is lower than that of the SM higgs,
and we ignore their thermal mass. At very high temperature, h and η are stabilized at the
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origin. In addition, it can be noted in Eq. (6, 7) that, the only possible gauge-dependence
term is GT 2, and the gauge-independence of O(T 2) term was proved in the appendix C of
Ref. [70]. Hence our analysis of the electroweak PT is gauge invariant. As the universe
cools, the singlets transition to a nonzero VEV uc1 first, in a second order phase transition
at Tc1. Then at temperature Tc2 ∼ mW < Tc1, the universe undergoes a first order PT to
(vc2, u). Then we can obtain vc2 and M(T )
2 by solving the equations


Veff(0, uc1)
∣∣∣Tc1 = Veff (vc2, u)
∣∣∣Tc2,
∂Veff
∂h
∣∣∣Tc2
(vc2,u)
= 0.
(10)
Then the first order transition temperature Tc2 can be obtained by
√
(M(T )2 −M20 )/G.
For the EWB to work, the sphaleron process must be decoupled when the electroweak PT
completes. In other words, the sphaleron rate in the broken phase should be less than the
Hubble parameter at that moment. In general, the sphaleron decoupling condition is cast
into the form vc2/Tc2 >∼ 1. And in our chosen parameter space in the next section, we have
vc2/Tc2 >∼ 1.5, which is sufficient for the taking place of EWB.
B. Baryon asymmetry YB
The CPV effects enter as source terms in the quantum transport equations that govern
the production of chiral charge at the phase boundary. According to Ref. [14], a simple
expression for the baryon-to-entropy ratio can be written as
YB = −F1 sin θµ + F2 sin(−θµ + θT ). (11)
where we have taken the gaugino mass terms M1,2,B′ to be real, θµ, θT are the phases of µ
and Te respectively. Compared with the expression in Ref. [14], the additional minus sign on
θµ comes from different definition of µ. The coefficients Fi depend on the mass parameters in
the B-LSSM, such as µ, M1, M2, MB′ , A0 (we assume that T-terms are all same at the GUT
scale, Tu/Yu = Td/Yd = Te/Ye = A0, where Yu,d,e are the corresponding Yukawa coupling
constants) and squark masses Mt˜L , Mt˜R . In addition, Fi also have a overall dependence
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on bubble wall parameters vw, Lw, ∆β. For the concrete expressions of Fi, we adopt the
formulas displayed in Ref. [14]. Compared with the MSSM, there is new contribution to
S
CP/
H˜
(the CPV higgsino source) in the B-LSSM, which comes from the mixing between new
gaugino λ˜B′ and the two higgsinos in the MSSM through gauge kinetic mixing, and the
corresponding gauge coupling constant is g
YB
.
C. The EDM of electron de
The effective Lagrangian for the electron EDM can be written as
LEDM = − i
2
del¯eσ
µνγ5leFµν . (12)
where σµν = i[γµ, γν ]/2, and Fµν is the electromagnetic field strength. Adopting the effective
Lagrangian approach, we can get
de = −2eQfme
(4pi)2
ℑ(CR2 + CL∗2 + CR6 ), (13)
where Qf = −1, me denotes the electron mass, and CL,R2,6 represent the Wilson coefficients
of the corresponding operators OL,R2,6
OL,R2 =
eQf
(4pi)2
(−iD∗α)l¯eγαF · σPL,Rle,
OL,R6 =
eQfme
(4pi)2
l¯eF · σPL,Rle, (14)
where Dα = ∂α + iAα, le is the wave function for electron, and PR,L = (1 ± γ5)/2. Then,
the Feynman diagrams contributing to the above Wilson coefficients are depicted by Fig. 1.
Calculating the Feynman diagrams, the electron EDM can be written as
d(1)e =
−2
eme
ℑ
{
xe[−I3(xFj , xSi) + I4(xFj , xSi)][(CLl¯eSiFjCRF¯jSile) + (CRl¯eSiFjCLF¯jSile)∗]
+
√
xexFj [−2I1(xFj , xSi) + 2I3(xFj , xSi)]CRl¯eSiFjCRF¯jSile
}
,
d(2)e =
−2
eme
ℑ
{
xe[−I1(xFj , xSi) + 2I3(xFj , xSi)− I4(xFj , xSi)][(CRl¯eSiFjCLF¯jSile)
+(CLl¯eSiFjC
R
F¯jSile
)∗] +
√
xexFj [2I1(xFj , xSi)− 2I2(xFj , xSi)− 2I3(xFj , xSi)]
×CRl¯eSiFjCRF¯jSile
}
, (15)
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le le
Fj
Si Si
γ(q)
le le
Si
FjFj
γ(q)
(1) (2)
FIG. 1: The one-loop level diagrams contribute to the electron EDM, where (a) represents the
charged scalars loops, and (b) represents the charged fermions loops.
le le
W− W+
le le
W− H−
le le
γ h
(a) (b) (c)
χ0j
χ+i
νk
χ0j
χ+i
χ+j
χ+i
νk lk
FIG. 2: The two-loop Barr-Zee type diagrams in which a closed fermion loop is attached to the
virtual gauge bosons or Higgs fields, the corresponding contributions to de are obtained by attaching
a photon to the internal particles in all possible ways.
where xi = m
2
i /m
2
W , C
L,R
abc denotes the constant parts of the interactional vertex about
abc, which can be got through SARAH, a, b, c denote the interactional particles, and the
concrete expressions for the functions I1,2,3,4 can be found in [71, 72]. In addition, our earlier
work [59] shows that, two-loop Barr-Zee type diagrams can make important contributions
to the muon magnetic dipole moment (MDM), and we consider the contributions from the
two-loop diagrams in which a closed fermion loop is attached to the virtual gauge bosons or
Higgs fields. According to Ref. [73], the main two-loop diagrams contributing to the electron
EDM are shown in Fig. 2. Assuming mF = mχ+
i
= mχ0
j
≫ mW , mF = mχ+
i
≫ mh, the
contributions from the two-loop diagrams to de can be simplify as
d(a)e =
3GFmW
√
xe
−64√2pi4
{
ℑ(CLf¯jWfiCR∗f¯jWfi)
}
,
d(b)e =
GF emWC
L
l¯eHνk
256pi4g2
√
x
F
{[
179/36 + 10/3J(x
F
, x
W
, x
H
)
]
ℑ(CLf¯iHfjCLf¯jWfi + CRf¯iHfjCRf¯jWχ+i )
8
+
[
− 1/9− 2/3J(x
F
, x
W
, x
H
)
]
ℑ(CLf¯iHfjCRf¯jWfi + CRf¯iHfjCLf¯jWfi)
+
[
− 16/9− 8/3J(x
F
, x
W
, x
H
)
]
ℑ(CLf¯iHfjCLf¯jWfi − CRf¯iHfjCRf¯jWχ+i )
+
[
− 2/9− 4/3J(x
F
, x
W
, x
H
)
]
ℑ(CLf¯iHfjCRf¯jWfi − CRf¯iHfjCLf¯jWfi)
}
,
d(c)e =
GFemWCl¯eh0le
64pi4
√
x
F
ℑ(CLf¯ih0fi)
[
1 + ln
x
F
x
h
]
, (16)
where fj , fi denote χ
0
j and χ
±
i respectively, W denotes W boson, H denotes charged Higgs
boson, h denotes SM-like Higgs boson, the concrete expressions for the function J can be
found in Ref. [59].
Compared with the MSSM, there are new CPV terms MBB′ , MB′ and µ
′ can contribute
to the electron EDM. In the next section, we will explore the possible cancellation between
the contributions to de from these new CPV terms and M1. Moreover, it is more interesting
that there are two new mass terms in the B-LSSM, the mixing mass term MBB′ between
λ˜B, λ˜B′ , and MB′ which is the mass term of λ˜B′ . Both of MBB′ and MB′ can be very small
and the gaugino masses still can be large enough to satisfy the experimental upper bounds
on gaugino masses. The contributions to the electron EDM from the phases ofMBB′ orMB′
can be highly suppressed by small MBB′ or MB′ to satisfy the present experimental upper
bound on de.
IV. NUMERICAL ANALYSES
In this section, we present the numerical results of YB and electron EDM de in the B-
LSSM. The EDMs of neutron, mercury, heavy quarks are discussed in our previous work [74],
and some two-loop Barr-Zee and gluino type corrections are considered, the numerical results
show that the constraints from these quantities are less strict than the constraints from the
electron EDM. Hence, the allowed regions by the present upper limit on de can coincide
with the upper limits on EDMs of neutron, mercury and heavy quarks. The relevant SM
input parameters are chosen as mW = 80.385 GeV, mZ = 90.1876 GeV, αem(mZ) =
1/128.9, αs(mZ) = 0.118. We take Yν = Yx = 0 approximately due to the tiny neutrino
masses basically do not affect the numerical analysis. The SM-like Higgs boson mass is
125.18 GeV [8] and constrains the parameter space strictly. Compared with the MSSM,
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new singlets mix with the MSSM doublets at the tree level in the B-LSSM, which can
affect the theoretical prediction of SM-like Higgs mass. Including the leading-log radiative
corrections from stop and top particles [75–77], the lightest Higgs mass in the B-LSSM is
limited in the range 124 GeV < mh < 126 GeV in our chosen parameter space below.
The updated experimental data [78] on searching Z ′ indicates MZ′ ≥ 4.05 TeV at 95%
Confidence Level (CL). And an upper bound on the ratio between the Z ′ mass and its gauge
coupling is given in Refs. [79, 80] at 99% CL asMZ′/gB > 6 TeV. In our earlier work [59], we
explore the effects of parameters tan β, tanβ ′, g
B
, g
Y B
and slepton masses ML˜,e˜ on the muon
MDM in the B-LSSM without CPV. Since the CPV phases affect the electron EDM more
obviously than the muon MDM, we explore the CPV effects on the electron EDM firstly in
this paper, but put off the exploration of CPV effects on the muon MDM in our next work.
Then considering the experimental data of the muon MDM, we choose MZ′ = 4.2 TeV,
tan β = 10, tan β ′ = 1.15, gB = 0.4, ML˜,e˜ = diag(2, 2, 2) TeV. We don’t fix gY B because it
affects the numerical result of YB obviously through the contributions from new gaugino λ˜B′ .
Considering the constraints from the experiments [8], for those parameters in higgsino and
gaugino sectors, we appropriately fix M1 =
1
2
M2 =
1
2
MB′ =
1
2
MBB′ = 0.3 TeV, µ
′ = 0.8 TeV
for simplicity. The value of µ is not fixed, because the main contributions to YB come
from the µ term. In addition, in order to satisfy the experimental data on B¯ → Xsγ and
B0s → µ+µ− [58], we take the stop mass mt˜L = mt˜R = 1.5 TeV, charged Higgs boson mass
MH± = 1.5 TeV for simplicity. According to Refs. [81–83], the size of the scalar trilinear
couplings are limited by the conditions of avoiding charge and color breaking minima, then
we can take A0 = 0.1 TeV, which can satisfy this condition. For the bubble wall parameters
vw, Lw, we adopt the central values vw = 0.05, Lw = 25/T [84, 85], and ∆β as a function of
pseudoscalar Higgs boson mass provided in Ref. [84], we take ∆β = 0.015. For the thermal
widths, we adopt the results in Ref. [86] in the following analysis.
In order to see how θµ, θA0 and µ affect YB, we take gYB = −0.4 and scan the regions of
the parameter space [θµ = (−pi, pi), θA0 = (−pi, pi), µ = (0.1, 1) TeV]. In the scanning, we
keep YB in the region (8.2− 9.4)× 10−11. Then the allowed region of θµ and µ is displayed
in Fig. 3. From the picture, we can see that there are two ellipses in the figure, and the two
ellipses mainly concentrate on the vicinity of µ = 600 GeV and µ = 300 GeV respectively,
10
FIG. 3: Keeping YB in the region (8.2 − 9.4) × 10−11, the allowed region of θµ and µ.
because the effects of these interactions are resonantly enhanced when µ is comparable
to the mass terms M1,2,B′ [87, 88], the observed baryon asymmetry can be accounted for
only in this case. The allowed region of θµ is concentrated on θµ > 0, because the mainly
contributions come from the coefficient F1, and F1 is negative in our chosen parameter space.
In addition, with the increasing of θµ, the value of µ has a small deviation from M1,B′ or
M2, because the contributions to YB with large θµ will exceed 9.4 × 10−11 when µ equals
to M1,B′ or M2. It also can be noted from picture that, the minimum value of θµ is about
0.03 for µ = 600 GeV, 0.04 for µ = 300 GeV, and there are more points in the vicinity of
µ = 600 GeV. In our chosen parameter space, the value of MB′ is 600 GeV, and there is
also a resonant enhancement when µ = MB′ . Hence, there are more points in the vicinity
of µ = 600 GeV and the minimum value of θµ is smaller slightly for µ = 600 GeV than
µ = 300 GeV.
Then we take θµ = 0.03, µ = 600 GeV, and explore how θA0 and new parameter gY B
affect the numerical result. YB versus θA0 for gY B = −0.3 (solid line), −0.4 (dashed line),
−0.5 (dotted line) is plotted in Fig. 4, where the gray area denotes the experimental interval
(8.2−9.4)×10−11. Compared with the MSSM, new parameter g
Y B
can affect the numerical
result obviously, and YB increases with the increasing of |gYB |, because the contribution from
new gaugino λ˜B′ is proportional to g
2
Y B
[14]. From the picture we can see that, in our chosen
parameter space, the allowed region of θA0 is larger when gY B = −0.4 than gY B = −0.3 or
−0.5. The value of g
Y B
under which the allowed region of θA0 is largest depends on the value
11
FIG. 4: YB versus θA0 for gY B = −0.3 (solid line), −0.4 (dashed line), −0.5 (dotted line), and the
gray area denotes the experimental interval (8.2− 9.4) × 10−11.
FIG. 5: Keeping |de| < 8.7 × 10−29, the cancellation between θM2 and θµ (a) are shown. And de
versus θA0 are plotted for A0 = 0.1 TeV (solid line), 0.3 TeV (dashed line), 0.5 TeV (dotted line),
where the gray area denotes the present experimental upper bound on de
of θµ and µ, because the main contributions to YB come from the µ term.
From the numerical results of YB, we can see that the minimum value of θµ is about 0.03
when EWB can take place. However, in this case, the contributions to the electron EDM
de are enhanced vastly, and de exceeds the corresponding upper bound by several orders of
magnitude. Hence, the contributions from different CPV phases should cancel each other
to satisfy the present experimental upper bound. Then we take g
Y B
= −0.4, and explore
the cancellation between θM2 and θµ by taking other CPV phases equal to 0. We scan the
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regions of the parameter space [θM2 = (−pi, pi), θµ = (−pi, pi)], and keep |de| < 8.7 × 10−29
in the scanning. The numerical results are shown in Fig. 5 (a). In addition, θA0 can also
make important contributions to YB, hence it is interesting to explore how θA0 affects de.
Since the effects of θA0 are highly suppressed by small Ye, we do not have to cancel the
contributions from θA0 to de. Then we plot de versus θA0 in Fig. 5 (b), where the gray
area denotes the experimental upper bound on de, the solid, dashed and dotted lines denote
A0 = 0.1 TeV, 0.3 TeV, 0.5 TeV, respectively.
From the pictures we can see that, the contributions from θM2 and θµ are cancelled when
θM2 ≈ −θµ + npi (n = 0,±1), the phases we chosen to cancel each other due to that, the
contributions from θM2 and θµ are comparable. In addition, the contributions from θA0
are enlarged by large A0, and the contributions from θM2 , θµ are lager than θA0 by several
orders of magnitude, hence the contributions from θµ are hardly cancelled by θA0 (when the
cancellation between θµ and θA0 takes place, the maximum value of θµ is O(10−3), which is
not sufficient for the taking place of EWB). It is different from the case in the MSSM [38],
in which the maximum value of θµ can be large enough to the taking place of EWB, when
the cancellation happens between the contributions from θµ and θA0 to de. It results from
that, the contributions from sleptons are highly suppressed by large slepton masses, in our
chosen parameter space. It can be noted that, the contributions from θµ to de can be
cancelled by θM2 , and θµ is the main source of baryon asymmetry, hence the worry about
the contributions from the large value of θµ, which is needed to give rise to EWB, to the
electron EDM whether can be cancelled is relaxed.
In the B-LSSM, there are new CPV phases θµ′ , θMBB′ and θMB′ can make contributions
to the electron EDM. In addition, the gaugino mass term M1 can also have CPV phase θM1 ,
and makes contributions to de. Then we set other CPV phases equal to zero and explore
the cancellation between θµ′ , θMBB′ , θMB′ and θM1 . Scanning the following regions of the
parameter space:
θM1 = (−pi, pi), θµ′ = (−pi, pi), θMBB′ = (−pi, pi), θMB′ = (−pi, pi). (17)
The allowed region of θM1 , θMBB′ is displayed in Fig. 6 (a), while the allowed region of
θM1 , θMB′ is displayed in Fig. 6 (b). From the picture we can see that, when the possible
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FIG. 6: Keeping |de| < 8.7× 10−29, when the possible cancellation between θM1 , θµ′ , θMBB′ , θMB′
take place, the allowed regions of θMBB′ , θM1 (a) and θMB′ , θM1 (b) are plotted.
cancellation happens between θM1 and new phases θµ′ , θMBB′ , θMB′ in the B-LSSM, the
constraint from de on θM1 can be relaxed completely. Comparing Fig. 6 (a) with Fig. 6
(b), it is obvious that the allowed region of θM1 versus θMBB′ as sin θMBB′ . But there is no
obvious trend of the allowed region of θM1 with the changing of θMB′ , which indicates that
θMBB′ affects the numerical results more obviously than θMB′ . Because MBB′ is the mixing
term between λ˜B and λ˜B′ , it contributes to de through the channel of λ˜B and λ˜B′ , when MB′
contributes to de only through the channel of λ˜B′ .
Assuming all contributions from other phases are cancelled each other completely, and
the only contribution to de comes from θMBB′ . Then de versus θMBB′ is plotted in Fig. 7 (a),
where the solid line, dashed line, dotted line denote MBB′ = 0.1 TeV, 0.14 TeV, 0.18 TeV
respectively. Similarly, de versus θMB′ is plotted in Fig. 7 (b), where the solid line, dashed
line, dotted line denote MB′ = 0.6 TeV, 0.9 TeV, 1.2 TeV respectively. The gray areas
denote the present experimental upper bound on de. From the picture we can see that,
θMBB′ or θMB′ affect the numerical results more obviously with the increasing of MBB′ or
MB′ , because the effects of θMBB′ or θMB′ are enlarged by large MBB′ or MB′ . Comparing
the effects ofMBB′ with MB′ , it is can be noted thatMBB′ affect the numerical results more
obviously than MB′ , which coincides with the discussion of Fig. 6 above.
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FIG. 7: de versus θMBB′ (a) for MBB′ = 0.1 TeV (solid line), 0.14 TeV (dashed line), 0.18 TeV
(dotted line), and de versus θMB′ (b) forMB′ = 0.6 TeV (solid line), 0.9 TeV (dashed line), 1.2 TeV
(dotted line), where the gray area denotes the present experimental upper bound on de.
V. SUMMARY
In this work, we focus on the CPV effects on EWB and electron EDM in the B-LSSM.
Compared with the MSSM, new singlets mix with the MSSM doublets at the tree level,
and a strong two-step PT can be achieved in this case. Moreover, new gaugino can make
contributions to YB, and new coupling constant gY B can affect the numerical results of YB
obviously. When the resonant enhancement µ ≈M1,B′ orM2 take place, the minimum value
of θµ is about 0.03 to give rise to EWB. In this case, the contributions to the electron EDM
must be enhanced vastly, the cancellation of the contributions from different CPV phases
is needed. In addition, the main contributions to electron EDM come from charginos, and
M2 which also appears in the chargino sector can make comparable contributions with the
µ term. Hence, the contributions from θµ to de can be cancelled by θM2 , and the worry
about the contributions from the large value of θµ to the electron EDM whether can be
cancelled is relaxed. In addition, new CPV phases θµ′ , θMBB′ , θMB′ in the B-LSSM also can
cancel the contributions from θM1 to de, and the allowed region of θM1 is relaxed completely
when the cancellation between θM1 and θµ′ , θMBB′ , θMB′ takes place. Assuming that the
only contributions to de come from MBB′ and MB′ , the numerical results show that, the
experimental data of de favor MBB′ <∼ 0.1 TeV, MB′ <∼ 0.6 TeV when the regions of θMBB′
15
and θMB′ are relaxed completely.
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